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Fifteen patients sustained ventricular fibrillation during
ambulatory electrocardiographic recording in a period
of 3.5 years over which time 16,500 ambulatory elec-
trocardiograms were analyzed (prevalence = 0.09% or
1/1,100). Eight patients died, and seven survived car-
diopulmonary resuscitation. Quantitative analysis of
hourly ventricular arrhythmias prior to ventricular fi-
brillation revealed an increased frequency of premature
ventricular beats and ventricular tachycardia, especially
in the 2 hours immediately before ventricular fibrilla-
tion. Ventricular fibrillation was initiated by ventricular
tachycardia in all 15 cases. These runs of ventricular
tachycardia were characterized by their unusual length
Interest in the ambulatory electrocardiographic identification
of patients at high risk for sudden cardiac death resulted
from the epidemiologic observation that premature ventric-
ular beats on the standard 12 lead electrocardiogram in-
creased the risk of sudden death in patients with coronary
heart disease (1,2). Subsequent quantitation of premature
ventricular beats by ambulatory electrocardiography iden-
tified certain ventricular arrhythmias predictive of subse-
quent sudden cardiac death in patients surviving myocardial
infarction (3-6). These predictive ventricular arrhythmias
included frequent uniform and multiform ventricular beats,
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(mean = 560 ± 536 beats) and their rapid rate (241 ±
45 beats/min). Although an Ron T premature ventric-
ular beat initiated ventricular tachycardia and ventric-
ular fibrillation occasionally, the mean prematurity in-
dex of the initiating premature ventricular beat was not
early (mean =1.27 ± 0.28). QT prolongation was pres-
ent in only 3 of the 15 patients (mean QTc interval =
0.42 ± 0.06). Left ventricular dysfunction (mean left
ventricular ejection fraction =34.9 ± 9.9%) and coro-
nary artery disease were nearly always present. The
cardiac medications most frequently associatedwith these
patients at the time of ventricular fibrillation were dig-
italis and quinidine.
two or more ventricular consecutive beats and R on T pre-
mature ventricular beats.
Documentation of the mechanism of sudden cardiac death
as being ventricular fibrillation in the majority of cases stems
from detailed analysis of out of hospital medical emergency
systems such as the Seattle Heart Watch (7-9). Despite this
well documented association between premature ventricular
beats and subsequent cardiac death, the electrical events
preceding ventricular fibrillation are poorly documented. In
this study, we analyzed the ambulatory electrocardiograms
of 15 patients with ventricular fibrillation to determine com-
mon antecedent arrhythmic events that precede or initiate
ventricular fibrillation.
Methods
Patient group. During the period September 1978through
June 1982, our laboratory at The Methodist Hospital pro-
cessed 16,500 ambulatory electrocardiographic recordings.
Ventricular fibrillation resulting in death or requiring car-
diopulmonary resuscitation, or both, occurred during am-
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bulatory electrocardiographic recording in 15 patients for
an incidence of 0.09% or 11 I,100. This patientgroup, aged
45 to 79 years (mean 59 ± II) and comprising 10menand
5 women, formed the basis for this analysis.
Ambulatory electrocardiographic recording. Each
ambulatory electrocardiographic tape was obtained on an
Avionics 445 or 445B two-channel ambulatory electrocar-
diographic recorder (Avionics) . Analysis wasperformed on
an Avionics Trendsetter with computer-generated recording
of hourly heart rates, hourly rate of premature ventricular
beats, as wellas quantitation of all runsof ventricular tachy-
cardia and ventricular couplets. Each run of ventricular
tachycardia was printed out in a real time electrocardio-
graphic tracing for hand measurement. Hourly strips for ST
segment analysis, measurement of QT interval and pre-
maturity index, where appropriate, were recorded. Data were
confinned by two independent investigators.
For comparison , 55 patients withcoronary artery disease
(documented by cardiac catheterization [62%] or previous
myocardial infarction [38%]) were selected with documen-
tation of nonsustained ventricular tachycardia detected on
24 hour ambulatory electrocardiographic recording. These
tapes were analyzed for hourlyand 24 hour total premature
ventricular beat counts as well as quantitation of couplets
and runs of ventricular tachycardia. Additionally, maximal
length of the ventricular tachycardia runs as well as the rate
of the ventricular tachycardia were printed out in real time
and quantitated by hand measurement.
Analysis of data. Clinical records, including the hos-
pital charts, were reviewed with special attention to cardiac
catheterization data, noninvasive tests of ventricular func-
tion and previous ambulatory electrocardiographic record-
ings. Autopsy data, when available, were reviewed and the
medication records carefully noted.
Statisticalanalysis of changes in variables measured within
the same patient was performed with the Student's t test for
paired data. Significance was established at a probability
[p] value of less than 0.05.
Results
Electrocardiographic Findings
Previous electrocardiogram. The most recent 12 lead
electrocardiogram was reviewed in all 15 patients; 12 pa-
tients had a 12 lead electrocardiogram within I month of
the ambulatory electrocardiographic recording. Electrocar-
diographic evidence of transmural myocardial infarction was
presentin five patients (threeanterior, two inferior) and left
ventricular hypertrophy by voltage criteria in five patients.
Bundle branch block was noted in four patients (left bundle
branch block in three; right bundle branch block in one).
Premature ventricular beats. These were quantitated
hourly on the ambulatory electrocardiogram. A progressive
increase in the frequency of premature ventricular beats was
observed through the 3 hours preceding ventricular fibril-
lation (Table I, Fig. la). Except for Patients 6 and 13, this
was a very consistent and statistically significant trend (p
< 0.001 , first hour of tape versus the hour immediately
preceding ventricular fibrillation) .
Hourly quamitationofvemricularcouplets (Table 2) failed
to reveal any tendency to increase couplets immediately
before ventricular fibrillation. The incidence of ventricular
couplets in general was sporadic, although patients dem-
onstrating a higher hourly frequency of premature ventric-
ular beats tended to have more frequent couplets (Fig. Ib).
Ventricular tachycardia. In all 15 patients, ventricular
fibrillation was immediately preceded by ventricular tachy-
cardia (Table 3, Fig. I). Earlier episodes of ventricular
tachycardia occurred in 10 patients and were distributed
sporadically through theprevious hours. Although the initial
rate of the episode of ventricular tachycardia resulting in
ventricular fibrillation (189.1 ± 59 beats/min) was similar
to earlierepisodes of ventricular tachycardia (192.5 ± 51),
the ventricular tachycardia rate accelerated immediately prior
to initiation of ventricular fibrillation (240.9 ± 4 beats/min)
(Fig. I and 2).
The duration ofthe ventricular tachycardia that preceded
and initiated ventricularfibrillation wassignificantly longer
than the duration of the first run of ventricular tachycardia
(560 ± 536 versus 27.3 ± 61.3 ventricular tachycardia
Table 1. Quantitation of Premature Ventricular Beat s (PVBs)
During Selected Hours Prior to Ventricular Fibrillation (VF)
HR Immediately
PVBs/h
Before VF 2 Hours Prior 3 Hours Prior First Hour
Case (PVBsIh) to VF to VF of Tape
I 217 67 7 62
2 225 0 4 2
3 255 8 0 II
4 242 0 I 0
5 200 63 65 14
6 865 1,027 1,224 872
7 1,795 2,042 531 8
8 289 5 II 14
9 4,907 2,791 1,981 1,714
10 739 677 521 105
11 720 500 477 10
12 583 21 15 17
13 1,160 1,100 928 1,100
14 1,800 18 6 283
15 759 259 136 191
Mean 983.7* 659.8t 421.9 315.2
±SD 1,208 883 595 531
*p < 0.01 versus 2 hours, p < 0.005 versus 3rd hour, p < 0.001
versus 1st hour, t p < 0.04 versus 3rd hour, p < 0.01 versus 1st hour.
HR = heart rate (beats/min); SD = standard deviation.
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Figure 1. Ambulatory electroc ardiographic recording in a patient
with ventricular bigeminy early in the recording (panel a), fol-
lowed by more complex ventricular arrhythmia resulting in ven-
tricular tachycardia after a pause (panel b) . Ventricular tachycardia
deteriorates to rapid ventricular flutter (panel c) and subsequent
ventricular fibrillation (panel d),
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Figure 2. Example of a patient with atrial fibrillation in whom a
late premature ventricular beat initiates sustained ventricular tachy-
cardia (panel a) which deteriorates to ventricular fibrillation (panel
b).
cycles ; p < 0.013) (Table 4). During the second and third
hours preceding ventricular fibrillation , ventricular tachy-
cardia occurred in only two and four patients, respecti vely ,
and the episodes were all of short duration . Morphology
compatible with torsade de pointes preceded ventricular fi-
brillation in two patients.
Preceding heart rate. Average heart rates for selected
hours prior to ventricular fibrillation are listed in Table 5.
The mean heart rate in the hour before ventricular fibrillation
(96.6 ± 24 beats/min) did not differ significantly from the
previous hour but was significantly increased when com-
pared with the heart rate over the third hour prior to ven-
tricular fibrillation (90.9 ± 25 beats/min) and the first hour
of ambulatory monitoring (88.6 :t 23 beats/min).
Prematurity index and QT interval. Additional elec-
trocard iographic character istics are shown in Table 6. The
underlying cardiac rhythm was sinus in 10 and atrial fi-
brillation in 5 of the 15 patient s. The prematurity index of
the premature ventricular beat initiating the run of ventric-
Table 2. Quantitation of Ventricular Couplets During Selected
Hours Prior to Ventricular Fibrillation (VF)
Ventricular Couplets/Hour
Hour Immediately 2 Hours 3 Hours First Hour
Case Preceding VF Preceding VF Preceding VF of AECG
I 0 0 0 0
2 3 0 0 0
3 I I I 0
4 0 0 0 0
5 1 2 0 I
6 0 7 II 4
7 52 6 I I
8 3 0 0 I
9 23 287 364 59
10 18 5 7 I
II 0 0 2 0
12 0 0 0 I
13 0 4 I 5
14 2 0 0 0
15 49 14 9 10
Mean* 11.7 22.5 26.5 6.73
:t SO 17.3 73.0 93.0 14.8
*p = not significant for all hours.
AECG = ambulatory electrocardiogram; other abbreviations as in Ta-
ble I.
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Table 4. Length of Initial Run of Ventricular Tachycardia (VT)
Compared With Run Initiating Ventricular Fibrillation (VF)
*p < 0.013 versus first run of ventricular tachycardia.
Abbreviations as In Table I.
cording, both the maximal length of the ventricular tachy-
cardia was brief (mean maximal length 8 beats) and the
ventricular tachycardia rate slower (mean 146fmin) than
in those patients developing ventricular fibrillation (p <
0.01). Likewise, the hourly frequency of premature ven-
tricular beats was much lower in the group of patients dem-
onstrating nonsustained ventricular tachycardia compared
with the IS patients who developed ventricular fibrillation
(438 ± 598fh versus 130 ± 175fh; p < 0.001).
Total VT Beats
19
o
o
4
15
o
15
3
3
202
o
6
3
o
3
27.3*
51.2
In First Run of VT (excludmg
VT run initiating VF)
200
240
243
200
112
625
1,640
258
1,240
153
150
561
715
1,680
390
560*
536
Immediately Preceding VF
I
2
3
4
5
6
7
8
9
10
II
12
13
14
15
Mean
± SD
Case
VT Rate
Table 3. Comparative Rates (beats/rmn) of Ventricular
Tachycardia (VT) at Selected Times Prior to Ventricular
Fibrillation (VF)
ular tachycardia resulting in ventricular fibrillation was not
significantly different from that seen in the first hour of
ambulatory monitoring (1.27 versus 1.41; P = 0.08). In
only two patients was there a prematurity index of less than
1.0 in the premature ventricular beat initiating ventricular
tachycardia before ventricular fibrillation. In both of these
patients, the prematurity index was markedly shorter than
in the first hour of monitoring.
The corrected QT interval (QTc) was unchanged in the
period immediately preceding the episode of ventricular fi-
brillation compared with the initial hour of the tape (0.42
versus 0.41 second; p = 0.30). However, three patients
had a prolonged QTc interval (> 0.45 second) immediately
prior to ventricular fibrillation.
ST segment changes. None of the 15 patients demon-
strated new ST segment depression immediately prior to
ventricular fibrillation (~ 1.0 mm ST depression) compared
with the initial hourly ST segment. One patient did dem-
onstrate 2 to 3 mm ST segment elevations during the entire
ambulatory electrocardiographic tape, accentuated prior to
ventricular fibrillation.
Comparison with group developing nonsustained ven-
tricular tachycardia. Table 7 delineates the characteristics
of nonsustained ventricular tachycardia in 55 patients with
coronary artery disease detected during routine 24 hour am-
bulatory electrocardiographic recording in our laboratory.
In comparison with the 15 patients who developed ventric-
ular fibrillation during ambulatory electrocardiographic re-
*p < 0.02 versus rate at initiation of last ventricular tachycardia and
rate of first run of ventricular tachycardia.
AECG = ambulatory electrocardiogram; other abbreviations as in Ta-
ble I.
Case
I
2
3
4
5
6
7
8
9
10
II
12
13
14
15
Mean
± SD
Immediately
Prior to VF
210
240
280
205
195
260
257
195
240
198
150
303
300
280
300
240.9*
47
At Start of
Last VT Run
193
220
210
176
180
250
205
185
200
198
150
228
220
250
300
189.1
59
First Run on AECG
150
o
o
170
180
o
200
150
170
220
o
250
300
o
135
192 5
51
Clinical Characteristics
Clinical features. A summary of some of the pertinent
clinical features of the 15 patients is displayed in Table 8.
Although the time of onset of ventricular fibrillation was
distributed over the entire 24 hour period, 10 of the IS
episodes of ventricular fibrillation occurred in the afternoon
or evening hours. Coronary artery disease was documented
anatomically in 14 patients. Diagnosis was made by cardiac
catheterization in nine patients and by postmortem exami-
nation in three patients; all demonstrated 70% or greater
diameter lumenal stenosis in at least one of the three major
coronary arteries: three vessel disease in seven patients, two
vessel disease in one patient (left anterior descending and
right coronary artery) and single vessel disease in three
patients (right coronary artery in two and left anterior de-
scending artery in one). In three patients, coronary artery
disease was diagnosed clinically by the presence of electro-
cardiographic evidence of transmural infarction and an aki-
netic left ventricular wall segment by gated radionuclide
angiography or two-dimensional echocardiography. One pa-
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*p = not significant versus 1st hour.
AECG = ambulatory electrocardiogram; A. Fib = atrial fibnllanon,
QTc = corrected QT inverval; other abbreviations as in Table 1.
Table 6. Electrocardiographic Characteristics of Patients
Demonstrating Ventricular Fibrillation (VF) on Ambulatory
Electrocardiographic Recording
FIrSt Hour First Hour
Case Rhythm Prior to VF of AECG Prior to VF of AECG
I Sinus 1.07 174 0.52 0.42
2 Sinus 1.25 1.61 0.42 0.45
3 Sinus 1.33 1.33 0.36 0.36
4 Sinus 1.14 1.1 4 0.44 0.44
5 A. Fib. 1.85 1.60 0.33 0.34
6 Sinus 1.29 1.26 0.44 0.40
7 Sinus 1. 15 1.52 0.48 0.41
8 A. Fib. 1.26 1.80 0.41 0.41
9 Sinus 1.21 1.30 0.29 0.31
10 A. Fib. 1.70 1.40 0.45 0.45
I I Sinus 0.94 1.34 0.40 0.39
12 A. Fib. 1.70 1.21 0.45 0.43
13 A. Fib. 085 1.44 0.40 0.37
14 Sinus 1.10 1.40 0.52 0.49
15 Sinus 1.17 1.09 0.40 0.50
Mean 1.27* 1.41 0.42* 0.41
± SO 0.28 0.21 006 0.05
Table S. Average Hourly Heart Rates for Selected Hours Prior
to Ventricular Fibrillation (VF)
Heart Rate (beats/min)
Hour Prior 2 Hours Prior 3 Hours Pnor First Hour
Patient to VF to VF to VF of AECG
I 92 63 60 66
2 80 79 83 85
3 130 130 130 130
4 108 108 106 100
5 85 90 90 88
6 80 68 69 65
7 81 74 68 66
8 65 60 62 65
9 83 90 85 95
10 83 83 82 84
II 105 95 90 85
12 140 140 140 140
13 105 97 94 110
14 140 136 130 80
15 72 72 72 72
Mean 96 .6* 92.3 90.9 88.6
± SO 24 26 25 23
*p = 0.08 versus 2 hours prior to ventricular fibrillation; p < 0.05
versus 3 hours prior to ventricular fibrillation; p < 0.05 versus 1st hour
of ambulatory electrocardiographic recording.
AECG = ambulatory electrocardiogram; other abbreviations as in Ta-
ble 1.
Prematurity Index QTc (s)
tient had angiographically proven normal coronary arteries
and a severe cardiomyopathy (ejection fraction 20%).
Ventricular function. Left ventricular function was as-
sessed by left ventricular cineangiography (right anterior
oblique projection) in nine patients, gated radionuclide an-
giography in four, and two-dimensional echocardiography
in two patients. Left ventricular ejection fraction for the
entire group was 34.9 ± 9.9% (Table 7). Of the 15 patients.
8 died as a result of ventricular fibrillation; the mean left
ventricular eject ion fraction for this group did not differ
from that of the entire group (35. 2 ± 10.5%). An akinetic
or dyskinetic segment was present in seven patients. Four
patients had experienced a previous episode of sudden death
and had been resuscitated. Their global left ventricular ejec-
tion fraction appeared to be slightly lower (27.7 ± 5.4%)
than that of the rest of the group. However, the small number
of patients precluded statistical significance.
Cardiac medications. A review of the cardiac medi-
cations at the time of ambulatory electrocardiographic re-
cording was tabulated for all 15 patients (Table 8) . Digitalis
was the most frequently used cardiac medication (12 pa-
tients). Quinidine was the only type I antiarrhythmic agent
used in this group (five patients). No quinidine or digitalis
levels were available at the time of the episode of ventricular
fibrillation; however, two previous quinidine levels drawn
were within the normal therapeutic range. Additionally, oral
nitrates were used in three patients, beta-receptor blocking
agents in two patients and diuretics in five patients. The
presence of left ventricular hypertrophy or enlargement , or
both, was noted in seven patients by 12 lead electrocardio-
gram and in three patients by echocardiography.
Previous recordings . Previous ambulatory electrocar-
diographic recordings were available in five patients. All
five had multifocal and frequent premature ventricular beats
(2: 2,000 in 24 hours). Two of the five patients had non-
sustained short runs « S beats) of ventricular tachycardia
(rate 140 and ISO/min, respectively).
Discussion
Ventricular tachycardia preceding ventricular fibril-
lation. This study represents the largest case series of
ambulatory electrocardiographic recordings in patients at the
time of ventricular fibrillation and provides many important
Table 7. Characteristics of Nonsustained Ventricular
Tachycardia in 55 Patients with Coronary Heart
Disease Detected on 24 Hour Ambulatory
Electrocardiographic Recording
Mean Range SO SE
PVB/24 h 3.030 (130 to 22,050) 4,240 572
Couplets/24 h 73 (0 to 1,700) 246 33
VT runs124 h 6 (I to 212) 29 4
Maximal length of VT run 8 (3 to 134) 18 2
(no. beats)
VT rate/min 146 (1 05 to 185) 17 6
SE = standard error; other abbreviations as inTable I.
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Table 8. Cl inical Characteristics of Patients Demonstrating
Ventri cular Fibr illation on Ambulatory
Electrocardiographic Recording
Left Ventncular
Antiarrhythmic Ejecti on Fraction Documented
Case Time of VF Drugs ('k) CAD
I 1:16 pm None 40 Yeo,
2 5:53 pm Dig 47 Yeo,
3 5:43 pm Dig/Q 211 Yeo,
4 \; 12 am Dlg/Q 26 Yeo,
5 1:37 pm None 32 Yes
6 3.49 pm Dig 30 Yes
7 3:14 pm Dig/Q 40 Yes
8 12:49 am Dig/Q 50 Yeo,
9 5:18 pm Dig 40 Yeo,
10 10'20 pm Dig 53 Yes
11 6.11 am None 211 Yeo,
12 12:411 am Dig 36 Yes
13 3:37 am Dig 31 Yes
14 728 pm Dig/Q 22 Yeo,
15 6:04 pm Dig 20 No
CAD = coronary artery disease. Dig = drguahs, Q = quinidme. uther
abbrevrauons as In Table I.
observations. The time immediately preceding ventricular
fibrillation is marked by heightened electrical instability in
terms of increased total premature ventricular beats and
ventricular tachycardia. Importantly, sustained ventricular
tachycardia precedes ventricular fibrillation in all patients.
Multiple characteristics of the precipitating ventricular
tachycardia are in contrast to typical nonsustained ventric-
ular tachycardia detected by ambulatory electrocardio-
graphic monitoring in routine ambulatory patients. These
are usually self-limited and asymptomatic. In their analysis
of 94 episodes of ventricular tachycardia in 23 patients with
chronic stable cardiac disease, Winkle et al. (10) noted the
mean rate of ventriculartachycardia to be 148 ± 26 beats/min,
with 78% of all the runs of ventricular tachycardia at rates
betw een 120 to 180 beats/min. Additionally, 50% of all the
runs of ventricular tachycardia were three beats only. Runs
of ventricular tachycardia of 10 or more beats and rates of
ventricular tachycardia greater than 180 beats/min were both
rare, in contrast to the present series in which sustained and
rapid ventricular tachycardia preceded ventricular fibrill ation.
Comparison with control group with coronary artery
disease. A comparison group from our laboratory (Table
7) included 55 patients with coronary artery disease who
had documented nonsustained ventricular tachycardia on 24
hour ambulatory electrocardiographic recording, In this group,
the mean premature ventricular beat frequency was 130/hour.
These patients with nonsustained ventricular tachycardia
demonstrated both infrequent and short runs of ventricular
tachycardia. In only 6 of the 55 patients did the length of
ventricular tachycardia exceed 10 beats. Importantly. the
mean rate of ventricular tachycardia in these 55 patients was
146 ± 17 beats/min, a finding closely correlated with that
of Winkle et al. (10). Although this group of patients used
for comparison does not imply comparability, they do serve
to demonstrate the infrequent and nonsustained nature of
ventricular tachycardia in patients with coronary heart dis-
ease who do not develop ventricular fibrillation during that
interval.
In a study of 430 patients after myocardial infarction.
Bigger et al. ( I I) detected 50 patients with ventricular tachy-
cardia on 24 hour ambulatory electrocardiography (preva-
lence 11 .6%). Ventricular tachycardia was frequently noted
to be a single run (50% of patients) or only three beats in
duration (30% of patients). The mean rate of ventricular
tachycardia for the entire group was 119 ± 32 beats/min,
and only 15% of patients demonstrated runs of ventricular
tachycardia in excess of 10 beats, Although ventricular
tachycardia predicted an increased risk for sudden death in
this study, there were too few patients to permit evaluation
of potential different ial mortality for those few patients with
frequent or sustained ventricular tachycardia at higher rates.
In contrast, our analysis of ventricular tachycardia on the
15 ambulatory electrocardiograms that resulted in ventric-
ular fi brillation demonstrates that the ventricular tachycardia
rates were higher, even in the initial hours of the recording
(193 ± 51 beats/min), with increasing rates noted in the
tachycardia that preceded the ventricular fibrillation (241 ±
47 beats/min). Although the initial runs of ventricular tachy-
cardia on the ambulatory electrocardiographic recordings
were relatively nonsustained (mean 27 ± 18 beats of ven-
tricular tachycardia), sustained runs (average 2.3 minutes
in duration) of rapid ventricular tachycardia initiated ven-
tricular fi brillation. Data from our laboratory of ambulatory
patients manifesting nonsustained ventricular tachycardia
do, however, correlate closely with those of Bigger et al.
( I I) (Table 7). In their study, Bigger et al. documented that
patients with nonsustained ventricular tachycardia had a rel-
atively high frequency of premature ventricular beats (161
± 226/hour). This is in comparison with the 15 patients
with sustained ventricular tachycardia in our study who had
a mcan rate of premature ventricular beats of 438 ± 598/hour
( II ).
Prematurity index of initiating premature ventricular
rate. The present study documented an R or T premature
ventricular beat initiating the final run of ventricular tachy-
cardia leading to ventricular fibrillation in only 2 of the 15
patients. The overall mean prematurity index of the pre-
mature ventricular beat initiating the run of ventricular
tachycardia was 1.27 ± 0.28. This is similar to findings in
most previous reviews ( 10- 12) of nonsustained ventricular
tachycardia in ambulatory patients. However, a review of
all 21 patients in the previous nine reported studies describ-
ing ambulatory electrocardiographic recordings during sud-
den cardiac death reported J I patients with an R on T pre-
mature ventricular beat initiating ventricular fibrillation or
torsade de pointes (13). This is a much higher frequency
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than that observed in our present series, which may be a
reflection of different patient populations. This does not
diminish the observations in our study supporting the con-
cept that shorter cycle lengths (faster rates of ventricular
tachycardia) facilitate reentry and rapid salvos of ventricular
tachycardia are, in fact, all R on T beats.
Time of onset. The onset of ventricular fibrillation in
our case series occurred primarily during waking hours in
the afternoon and evening, a distribution compatible with
the previously described frequency of premature ventricular
beats during a 24 hour cycle (14) . Likewise, Schaffer and
Cobb (15) , in their analy sis of 89 episodes of recurrent out
of hospital ventricular fibrillation, found that two-thirds of
these episodes occurred during waking hours at times of
normal or vigorous activity .
ST segment changes. Analysis of ST segment changes
in our series failed to reveal any acute ST changes prior to
the final episode of ventricular tachycardia and ventricular
fibrillation . Previous case reports (16,17) noted an occa-
sional striking example of ST changes prior to ventricular
fibrillat ion. The interpretation of ST segment changes during
ambulatory electrocardiographic recording is tenuous be-
cause as many as 30% of asymptomatic subject s may have
episodes of significant ST depression during a routine 24
hour period (18).
Underlying cardiac disease. The incidence of coronary
artery disease in the present study (14 of 15 patients) is
consistent with previous postmortem studie s of victims of
sudden cardiac death (19) and catheterization studies of
patients resuscitated from sudden death (8) . Left ventricular
function was depressed (ejecti on fraction < 50%) in 13 of
our 15 patient s with a mean left ventricular ejection fraction
of 34.9 ± 9.9%. A similar observation of moderate im-
pairment of left ventricular function has been previously
reported in survivors of out of hospital ventricular fibrilla-
tion . Previou s work (20) also demonstrated an association
of increased complexity of premature ventricular beats in
patients with left ventricular dysfunction and an increased
risk of subsequent sudden cardiac death in postmyocardial
infarction patients exhibiting complex ventricular arrhyth-
mia and clinical congestive heart failure (6) and in patients
with complex premature ventricular beats and a documented
left ventricular ejection fraction less than 40% (21).
Quantitative data concerning left ventricular fun ction were
frequently lacking in the 21 publi shed cases of sudden death
during ambulatory electrocardiographic recording (13). Left
ventricular hypertrophy or cardiomegaly, or both , was pres-
ent in 14 of these previously reported cases, a finding con-
firmed in 10 of our 15 patients. These observations are
consistent with epidemiologic studies demonstrating 12 lead
electrocardiographic evidence of left ventricular hypertro-
phy as a marker for increased risk of cardiac mortalit y and
sudden cardiac death (22,23) .
Association with digitalis and quinidine therapy. An
important observation from the present series of patients
with documented ventricular fibrillation was the frequent
presence of digitali s therapy at the time of sudden cardiac
death (12 of 15 patient s). In the previously collected 21
patients with documented sudden death on ambulatory
electrocardiography , 9 were taking digitalis although re-
porting was not complete (13). Likewise , epidemiologic and
clinical studies documented the associ ation of digitalis and
sudden cardiac death (4,11) . It is uncertain if this association
is causal or if digitali s only serves as a marker for underlying
left ventricular dysfunction.
Five of our 15 pati ents were concomitantly receivin g
quinidine therapy . The association of prolongation of the
QT interval on the 12 lead electrocardiogram with quinidine
therapy and torsade de pointes is well documented (24-26) .
Quinidine therapy has been associated with sudden cardiac
death in many case reports and case ser ies, including five
patients documented by ambulatory electrocardiography
(16,27,28). In the previously reported 21 cases of sudden
death documented on ambulatory electrocardiographic re-
cording, eight patient s were on quinid ine therapy. Other
type I antiarrhythmic agents have also been documented to
exacerbate ventricular tachycardia and ventricular fibrilla-
tion in isolated case reports and ambulatory electrocardio-
graphic recordings (29 ,30) . Although multiple previous case
reports documented the association of prolongation of the
QT interval with ventricular fibrillation on ambulatory
electrocardiography, this was observed in only three patients
in our series, two of whom were on quinidine therapy .
Clinical implications. Detailed hourly analysis of the
electrocardiographic events immediately preceding ventric-
ular fibrillation, and the clinical characterization of patients
at the time of ventricular fibrillation may provide important
insight into issues surrounding the identification and pre-
vention of sudden cardiac death. The se data are applicable
to at least three-fourths of the victim s of prehospital cardi ac
arrest because ventricular fibrillation is the documented un-
derlying rhythm disturbance in at least this proportion of
patient s (31,32) .
Our study indicates that ventricular fibrillation tends to
occur after a rapid, sustained ventricular tachycardia that is
qualitatively and quantitatively different from the asymp-
tomatic, relatively slow and brief run of ventricular tachy-
cardia usually recorded on the ambulatory electrocardiogram
of asymptomatic ambulatory patients. The underlying milieu
responsible for the heightened electri cal instabilit y prior to
ventricular fibrillation cannot be determined from our data .
However, multipl e common clinical denominators in the
majority of patients include: coronary artery disease. left
ventricular dysfunction , left ventricular hypertrophy with or
without cardiomegaly and the concomitant use of digitali s
and quinidine. Previous case reports emphasizing prolonged
JACC Vol. 2. No.5
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QT intervals, Ron T premature ventricular beats and acute
ischemia appear relevant only to selected patients.
We gratefully acknowledge the secretarial assistance of Donna Chapman
and Candi Evans In the typing of this manuscript
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